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‘ Introduction I

MOTIVATION:

e Scientific: Assessing the validity of the geostrophic origin of planetary
winds.

e Technical: Remote sensing of velocity in planetary atmospheres.
i) Tracking of visible features.

ii) Geostrophic diagnostics using temperature maps.

OBJECTIVES:
1. To formulate geostrophic balance with a full Coriolis force in a
stratified atmosphere.

2. To compare with the diagnostics from the primitive equations.
DATA: Infrared maps of Jovian temperatures. 4 different pressure levels.

lInviscid full and primitive equations:'

Full 3D: (%%+U-Y76+CT)+ZQE/\6 _ _VP_ &
p
. ege ovp . = o . - Vp =

Primitive: —aT—I—v-Vvh-I—PECT + fer ANvp, = —-7 +F—I—0('w)
r = Radial coordinate ; A = Latitude ; ¢ = Longitude ;
k= érsin A+ éeycos A ; f=20sin A ; 2 =71 — Rplanet;
7= (u,v,w) ; Up = (u,v,0)

o_ 1 0 9 _19

Or  rcosAOp *Oy T oA

CT': Curvature terms ; PECT: Curvature terms in the Primitive equations;
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INVISCID FULL AND PRIMITIVE EQUATIONS:
o . = L. . Vp =
Full 3D: (E—I—U-VU—}-CT) +2QkNT = ——£—I—F
p
ou . 0 0 0 U . _10p
—a—t-—l—(u%- + v—a—y + wé—z—) u— (2Q + rcos)\) (vsin A—w cos \)+DSCT = = ax-l—Fx
ov 0 0 u . wv _ 10p
E-i— ( _8;_'_’08_ -I—w&) v+ (2Q+ ’I"COS)\) ’LLSIII)\—l"T‘i—DSCT— —;—a':‘y- +Fy
ow 0 0 0 u v? _1lop
5;——}- (u% + va—y + w—z> w— (2Q + rcos)\) ucos)\——r——l—DSCT = —;a—g-l—Fz
Dp = __ Dp Ou  9(vcos)) ia(r2w)
D_t_i_pV U—Dt+p(8x+ Oy +r2 0z
N O | . & L Vp =
Primitive: (—87}’ +v -V, + PEC’T> + fér AU = P + F 4+ O(w)

0 u ) _ 19p
B + (u&—c— —l—va—y +w_('§) U — (2Q+ rcos)\) (vsinA) = e + Fz + O(w)

dv 5, 8 u . 19p
—é?—l—(u—(9—+va—y—|—w5—)v—l—(2Q—|—rcos/\)us1n)\—- p8y+Fy+O(w)
10p
0=—250 —g+0(w,F)
Dp = ~._Dp Ou  O(vcosA)  Ow
Dt_i_pV v_Dt+p(6x+ Oy +8z
r = Radial coordinate ; A = Latitude ; ¢ = Longitude ;
Ez@rsinA+€AcosA ; f=2Qsin A 5 2 =1 — Rpgnet;
7= (u,v,w) ; Uy, = (u,v,0)
g 1 0 0 190
Or  rcosOyp 'Oy rOA

CT: Curvature terms ; PECT: Curvature terms in the Primitive equations;
DSCT: Curvature terms - Curvature terms in shallow atmospheres;
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0-th order solution - Hydrostatic balance:'

For an ideal gas in hydrostatic balance: Vpn(z) = pn(2)g ; T = 0.

‘l-st order solution - Geostrophic balance: I

T ~ €Uy ~ etig, (velocity in geostrophic balance).
Ro ~ (V A 7)/29 (Rossby number).
Introducing: Vr = Vpp(2) + eVri(z,y, 2)

V7 = Vp + pV (v?/2) (dynamic pressure)

Full 3D O(Ro)
k

—_

20k Ny = - (——;Vw+§) Ug :}629 A (Vﬂ' —pﬁ) —I—Vgok

Primitive O(w, Ro)

—)7 — 1 1 = - — é”f' = — 0=
Geostrophic balance requires:

oy

-k- (ﬁﬂ—pg’) =0—- %—g% =1 (Sin)\%z£ —I—cos)\%g-) = —gsin A

P

- € - (6% — pﬁ) =0— %g—z = —¢g (hydrostatic approximation)

Note that: ¥, L k, while @iy, L €. (contained in the horizontal plane)
Full 3D (non-singular at A = 0) Primitive (singular)
o —sin/\%%—l—cosk(plg—i—%) . _%7;}

Uy = 220 sin)\%ﬂml Tgp = m %
— COS )\—68—7;—1 0
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Thermal winds: '

Taking the curl of the geostrophic balance condition and assuming static

compressibility (anelastic approximation):

e(f&, - V) (o) = ~Vp A g.

e(24) - ﬁ)(pv}) = -VpA§.

If Z*=Z7/H, and z* = z/H, where 1/H = —0(Inp,)/0z, leads to:

Full 3D O(Ro, )

(1 0puy Jug R oT
p0Z* ~ 9Zr —  2QM, (ay>ph
10pvy _ Ovy R or

| p0z* = 8z; ~ 20M, (fh)m
10pwy _  Ouwy — 0(e)

(| p 0Z* — 0Z}

Primitive O(w, Ro, €)

Ougp

R (8T
oz M (ay>p
Ovgp _ _R (gz)
Oz* fM, \ Oz P

< The hydrostatic
approximation has

been used.

Comparisons: I

Non-hydrostatic O(e) Hydrostatic O(1)
= Hcot \—= 9 _ _Rsin) (0T
0z* 0z 0 Oy 2+ 20M, \ Oy ) »
¢ 0, Ovgp H cot )\% 4 Ovg _  Rsin) (a_T_ )
gz* Oz 5 3y gz* 2QM, \ Oz D
pwg _ PWq Wy — _RcosA (0T
L Oz* = —H cot A Oy + O(E) L O+ 2QM, ( w)p
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